Leaves of Juglans regia L. collected from two different locations [Adana (A) and Ankara (B)] from Turkey were subjected to hydrodistillation in a Clevenger type apparatus to yield the essential oils (EOs). GC/MS and GC-FID analyses revealed that the A EO was rich in thymol (23.1%), while caryophyllene oxide (33.8%) was found as the main constituent of B EO. Both contained -eudesmol (1.4% -9.5 %), (E)-geranyl acetone (3.7% -5.8%) and the eudesmane type constituent juglaterpene A (3.1% -11.0%). Using a HP Innowax preparative capillary column connected to a preparative fraction collector, an unknown constituent, juglaterpene A (1, 11-hydroxy-2,4-cycloeudesmane), was isolated in a rapid one-step manner with > 94.0% purity. Structure determination was accomplished from 1D-and 2D-NMR spectroscopic data. Oil B demonstrated significant larvicidal activity against 1st instar Aedes aegypti L.
The family Juglandaceae is comprised of seven genera in two subfamilies (Juglandoideae and Platycaryoideae) [1] . In the Flora of Turkey, the genus Juglans comprises one species, Juglans regia L. [2] . In the folk medicine of Turkey the leaves of J. regia have been used as an appetizing drug, whereas the leaf extract is used to treat sunstroke and hemorrhoids [3] , and the leaf infusion for edema, cancer, skin diseases, to stop bleeding, as a vulnerary and to treat abscesses [4] . This species possesses antifungal [5] , allelopathic [6] and free radical scavenging properties [7] , but very few studies have been conducted on the phytochemical profiles of J. regia leaves [8] . Previous studies resulted in the isolation of phenolics [9] and volatile constituents [8, 10] . The leaf volatiles of J. regia from different localities are summarized in Table 1 [11] [12] [13] [14] [15] [16] [17] . In the present study, the leaf essential oils (EOs) of J. regia obtained from two different locations were investigated by GC-FID and GC/MS, and a new cycloeudesmane-type sesquiterpene (1) was isolated. Both EOs were evaluated for larvicidal activity against 1st instar Aedes aegypti L.
Hydrodistillation of J. regia leaves gave greenish oils with a specific odor in 0.03% yield. Table 2 lists the detected compounds with their relative percentages, RRI values and methods of identification. GC analysis of the EOs from Adana (A) and Ankara (B) resulted in 87 and 74 constituents representing 94.8% and 91.8% of the EOs, respectively. Thymol (23.1%) and caryophyllene oxide (33.8%) were found to be the main constituents of the oils A and B, respectively. Both oils contained -eudesmol (1.4% -9.5%), (E)-geranyl acetone (3.7% -5.8%) and the eudesmane type constituent juglaterpene A (3.1% -11.0%). The unknown compound (1), with a RRI = 2132, was detected in percentages of 11.0% and 3.1% in A and B, respectively. The next step in our work was to fractionate and isolate the unknown constituent from the oils by PFC. The target peak compound was trapped in a glass collector immersed in liquid N 2 , while the other peak compounds were trapped in the waste collector. After repeated injections of the oil, the target compound was collected as colorless needles. PC-GC generated a purity of 94.0%. The IR spectrum of compound 1 showed the presence of a hydroxyl (3400 cm -1 ) functionality. ( Table 3 ) and previously reported spectroscopic data of related metabolites [18] , the framework of 1 was deduced to be a 2,4cycloeudesmane-type sesquiterpene. The covalent connectivity of the skeleton was established by COSY and HMQC spectra that revealed C-1  C-3 and C-5 C-9 spin systems (Figure 1b) . The partial structures and quaternary carbons of 1 were connected via long-range correlations in the HMBC spectrum. Based on the correlation between the quaternary carbon at  73.0 and methyl groups (H 3 -12 and H 3 -13), the hydroxyl group was located at C-11. Moreover, the long-range correlations from C-3 and C-5 to H 3 -15, from C-1 and C-9 to H 3 -14, and C-7 to H 3 -12/H 3 -13 helped us to locate the methyl and isopropyl groups as shown in Figure 1b . The stereochemistry of 1 was established from 2D-ROESY data and assessment of previously reported data for 2,4-cycloeudasmane derivatives.
In the ROESY spectrum, the strong correlations between H-5ax, H-7 and H-3ax suggested that these protons are in close proximity. Furthermore, strong ROESY correlation between H 3 -14, H 3 -15 and
Juglans regia leaf oil: chemical composition and larvicidal activity Natural Product Communications Vol. 11 (10) 2016 1423 H-6ax was observed, whereas H-5 did not show any correlation with H 3 -14 implying an antiperiplanar orientation and trans-fused sesquiterpene skeleton. All the ROESY correlations of 1 were in agreement with 8,11-dihydroxy-2,4-cycloeudesmane, 11-hydroxy-2,4-cycloeudesman-8-one and 2,4-cyclo-7(11)-eudesmen-8-one 2,4cycloeudasmane derivatives reported from Platycarya strobilacea Siebold & Zucc. [18] , proposing identical stereochemistry.
On the basis of these findings, the structure of 1 was identified as 11-hydroxy-2,4-cycloeudesmane, a new compound named as juglaterpene A. From a chemistry point of view, this sesquiterpene framework is reported for the second time in nature and is the first report for the genus Juglans. In the literature, there is scarce report of this type of constituent; ent-4(15)-eudesmen-11-ol-1-one and ent-4(15)-eudesmen-1R,11-diol were isolated from the endophytic fungus Eutypella sp. from Etlingera littoralis Giesecke [19] .
Larvicidal activity of the oils:
A review of the literature data on the wide spectrum of biological activities of J. regia prompted us to evaluate the larvicidal activity of the leaf oils against Aedes aegypti. Leaf oil B demonstrated significant activity and resulted in 100% mortality at 120, 60, 30 and 15 ppm, and the mortality dropped to 70% at 7.5 ppm, while no mortality was observed at 3.9 ppm. Leaf oil A produced 100% mortality at 120 and 60 ppm, which declined to 10% at 30 ppm, and 0% at 15 ppm. Obviously, the difference in activity could be related to the chemical composition difference of the EOs. Oil B was rich in caryophyllene oxide, while oil A was rich in thymol and -eudesmol. We did not test -eudesmol in the larvicidal bioassay; however, in our previous study, thymol had an LC 50 value of 13.9 ppm against 1st instar larvae of Ae. aegypti [20] and caryophyllene oxide a value of 29 
Essential oil isolation:
The leaves (50.0 g) of J. regia were subjected to hydrodistillation in a Clevenger type apparatus (3 h) to obtain the EO.
Gas-chromatographic analysis:
The oil was analyzed using GC-FID and GC/MS techniques, as previously reported. Identification of the individual compounds was performed according to previously reported methods [23] .
Essential oil fractionation and isolation of target compound 1 with PC-GC system:
The PC-GC system consisted of an Agilent 7890 GC (Agilent; SEM Ltd.), equipped with a FID and 5975 MSD with Triple-Axis Detector, Agilent G 4513 autoinjector, integrated with a Gerstel CIS (Gerstel, Mülheim an der Ruhr, Germany). The preparative device traps were cooled by liquid N 2 . The Gerstel multicolumn switching system was used. The target compound was separated from the EO using a HP Innowax (30 m × 0.53 mm × 1.0 m film thickness, USA) preparative capillary column with He as carrier gas (8 mL/min). GC oven temperature was kept 0 min at 100°C and programmed to 190°C at a rate of 2°C/min, and then kept constant for 0 min at 240°C, programmed to 240°C at a rate of 50°C/min, and then kept constant for 9 min at 240°C. Total time of analysis was 55 min.
Mosquito larvicidal bioassays:
Aedes aegypti used in these studies were from a laboratory colony maintained using standard procedures at the Mosquito and Fly Research Unit at the Center for Medical, Agricultural and Veterinary Entomology, USDA-ARS, Gainesville, Florida. Bioassays were conducted using the system described earlier [24] to determine the larvicidal activity of individual compounds and EOs against Ae. aegypti. A series of 5 dosages were used in each treatment to obtain a range of mortality between 0 to 100%. Treatments were replicated 10-20 times for each sample. Permethrin at 0.025 ppm was used as positive control and DMSO as negative control.
Juglaterpene A (11-hydroxy-2,4-cycloeudesmane) (1) Colorless oil.
[] 25 D :+ 0.1 (c 0.3, EtOH). IR (KBr)  max : 3400, 1742, 1558, 1453, 1373 cm -1 . UV (EtOH) max nm (log ): 275 (0.13). 1 H and 13 C NMR: Table 3 
